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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND |

The technology of Transient Radiation Effects on Electronics (TREE)
covers a wide range of scientific and engineering disciplines. It is a
specialized field that incorporates concepts and terms from solid-state
physics, radiation and nuclear physics, nuclear-weapon technology, and
electronic and systems engineering. Most electronic systems must meet some
kind of nuclear radiation specifications; hence, therc is a need for device
testing to gather data to fill the gap between available state-ot-the-art
information and the requirements of a specific system. It is important
that test data be obtained and recorded in such a way that tests can be re-
peated and the data can be correlated with other work in the same area.

T T | TRy e et i <

It is the purpose of the TREE Preferred Procedures to bring to the at-
tention of the electronic engineer and the system designer those procedures
3 in testing that will yield useful results for these purposeas. Numerous
standard procedures have been formulated as part of the Defense Nuclear '
Agency (DNA) hardness assurance program for TREE. This handbook describes 1
the principles and philosophy involved in applying a set of standard proce-
dures to obtair data for both discrete and integrated circuit devices.

1.2 PHILOSOPHY

The recommendations in this document are based on the applicable ASTM
and Military Standards that have been developed for device parameter mea-
sarements. The object has been to formulate and recommend procedures by
which radiation test data on electronic components and radiation environ-
ments may be obtained and reported. They provide a means of communicating
useful information among workers in a large multidisciplined technology so
that people in different but related specialties (e.g., dosimetry, circuit
design, component testing, system specification, or component fabrication)
will be able to use one common term in place of various specialty terms to [
better understand one another. ]

Sl ot

R Mid

It is. assumed that the users of this document will have access to the
Design Handbook for TREE (Reference 1). The proper use of these preferred ,
procedures relies on the user being familiar with the information contained j
in that handbook. A review of the pertinent subjects is strongly recom- !
mended when planning any TREE testing programs.

et e Ml it 1L
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1.3 USE OF THIS DOCUMENT
This document will be of assistance to four principal types of users:
1. Circuit and system designers who use component data

2. System specifiers--those who perform tradeoffs to for-
mulate environment criteria, system performance speci-
fications, and system~failure criteria

3. Component manufacturers who can provide basic physical
and electrical data and have the fabrication tech-
niques and process controls needed for the development
of radiation hardened components

4. The primary users of this document--those who define
and perform tests to obtain and record radiation re-
sponse data on electronic devices for use in circuit
and system design.

The material in this document reflects the present ASTM and Military
Standards for device testing; additional standards will be developed as
electronics technology advances. This document will be updated as neces-
sary to incorporate the latest standards., Therefore, it is the responsi-
bility of the user to make certain he is using the most recent edition and
to take an active part in supplying new information to effect improvements.
The user should also realize that he bears the responsibility when simpli-
fying or deviating from the suggested procedures.

1.4 DOCUMENT CONTENTS AND LIMITATIONS

This document is divided into eight related chapters. Chapter 2 dis-
cusses the principles of test design, analysis and prediction requirements,
test data, and test procedure requirements. Also covered are test hardware
considerations and gensral testing techniques such as device characteriza-
tion and interference suppression. Chapter 3 covers general documentation
requirements for testing programs.

A brief survey of the radiation sources used in TREE testing is pre-
sented in Chapter 4. General characteristics of radiation sources are dis-
cussed and the important parameters are summarized in tabular form. Source
selection guidelines are also presented.

Chapter 5 covers dosimetry and environmental correlation procedures.
Neutron measurements, photon and electron measurements, and pulse shape
monitoring techniques are discussed for each type of the major simulation
techniques.

Chapter 6 covers specific test procedures for measuriug parameter vari-
ations due to radiation for transistors, diodes, and field-effect devices.
Neutron, total dose, and transient ionizing radiation measurements are
discussed.

1-2
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Chapter 7 deals with test procedures for determining the currents and
voltages in charged and uncharged capecitors due to radiation exposure.
The most important capacitor effects are transient.

Chapter 8 presents test procedures for making permanent degradation and
transient response measurements on integrated circuit devices. Both dig-
ital and linear circuit responses are discussed and specific test proce-
dures are given for both types.

The principles presented in this document are applicable to high-volume
testing as well as individual device testing. There are a number of high-
volume electronic device testers in use. However, this equipment is often
specially designed and is also expensive. Unless the radiation facility to
be used already has such equipment and it is applicable to the test pro-
gram, the test eugineer will have to supply his own test fixtures.

It is not recommended that the measurement procedur<: described in this
document be used in connection with decisions between buyers and sellers
unless the precision of each has been evaluated by interlaborato:-y compari-
son and is approved for procurement pu:poses,
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CHAPTER 2
TEST DESIGN

2.1 INTRODUCTION

Careful organization of the test efforts related to 3 development pro-
gram is essential to avoid waste of test facility and financial resources.
It also helps to reduce the time required for system development. Use of
proven standardized test and documentation procedures is necessary if one
is to obtain reliable, repeatable test data.

T

A well-documented test program provides much of the input information
needed for scheduling, financing, and managing the total system development
program as well as the test work. It not only apecifies the tests to be
accomplished and the expected results, but also provides a basis for effi-
cient and effective integration of the test program into the total system
development program. A good test design document will contain much of the
information needed for the final report that describes the test results.
It is a good practice to anticipate the final report format in the test
planning documentation, since much effort must be spent in preparing and
documenting the test program before any results can be published.

i bl sl
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In all branches of science and technology, there are principles and
techniques that are pertinent to the task of designing engineering tests.
The basic principles and techniques applicable to designing tests for de-
termination of transient-radiation effects on electronic arts are dis-
cussed in this chapter.

2.2 TEST DESIGN PRINCIPLES

Radiation effects data on electronic components are available from many
different sources. There has been considerable variation in the techniques
and simulation facilities used. Proper interpretation of such data re-
quires some knowledge of the techniques and problems encountered in test-
ing. This section considers the principles of test design with the i
objective of standardizing test procedures in accordance with established
ASTM and Military Standards. Standardization of the test procedures will
result in data that have much greater design application.

e e B i o sl Sk

The following must be considered in developing a comprehensive test
program for electronic components:

1. Purpose of the test--what is the problem and what in- _
formation is needed to solve the problem? :

=epermmer
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2. Pretest analysis and prediction requirements--what
analysis or othcr methods car be used to obtain this
information? 1s the theory valid?

3. Data requirements--what test data are needed to solve
the problem?

4. Test procedures—--what tests must be done to obtain the
data?

5. Application of the data--how can the data be best ana-
lyzed and aprlied to solve the problem?

The documentation of a test program should contain the answers to these
questions,

2.2.1 Purpose of the Test

Defining the problem to be solved often leads to optimal approaches for
solution. Therefore, the statement of the problem--the purpose of the
test--is an important part of the test design. 1In very brief form, the
purpose of most TREE tests to which these preferred procedures are applica-
ble will be to support either some TREE-hardened system design or the TREE
assessment of a system, System design support might involve determination
of radiation responses o7 a group of devices for design application data or
it might take the form of screening tests for acceptunce. The definition
of the problem for a pretest document, then, would inciude:

1. A clear statement of the test objectives tn ensure
that the necessary results will be achieved

2. The system design or assessment radiation criteria

3. A staiement as to how the system design or assessment
program has been organized

4. A statement as to how the tests about to be described
and performed will be integrated into the overall
program

5. A statement of the data required and the required ac-
curacy of the data.

2.2.2 Pretest Analysis and Prediction Requirements

Most TREE testing to which this documert applies measures electronic
device parameters before, during, and/or after radiation exposure. Since
these electrical parameters are related to an application requirement or a
response model, some predictive analysis may be made as a basis upon which
test results may be judged. 1In the test design, pretes: analysis methods
should be described in detail and approximate expected test results should
be predicted. This will ease the measurement process and also demonstrate
applicability of the expected results to the system task at hand. Pretest
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analysis may lead to significant changes in the test design if unexpected
results are found., This is normal and proper, since design is inherently a
dynamic process, subject to revision as new data or understanding become
available, Any changes should be documented.

Analysis prc.edures for TREE phenomena are outlined in this handbook.
Detailed procedures can be found in the Design Handbook for TREE (Refer-
ence 1). MDNiscussions of the validity of the underlying theory for the pre-
test analysis may be muecessary for some parameters. The significant
assumptions should be set down, especially those related to the system
problem of which the test is to be a part. (For example, environmental
synergistic effects may be important.) These questions should be addressed
in pretest analysis and in its documentation.

2.2.3 Test Data Requirements

Data requirements for a test program are derived from the test objec-
tives, the amount of existing information, and the planned analysis meth-
ods. Specific requirements are also defined in the applicable ASTM and
Military Standards (References 2 through 4), These requirements should be
observed in all testing. A basic list of data requirements includes:

1. The format

2. A list of required parameters and their dependencies

3, Accuracies
4, The number of test items

5. Environmental ranges

6. Contractual requirements such as traceability of cali-
bration standards.

Some compromises will need to be made when establishing data requivre-
ments. For example, at a particular test facility, the radiation environ-
ments may be mixed or separated in certain ways or the number of data
points may be limitea for nontechnical reasons.

Statistica' test design should be used when suitable to provide con-
trols, proper numbers of test groups, and sample sizes to meet system con-
fidence requirements. The assignment of test—sample sizes is not a trivial
problem, nor can statistical methods be blindly applied to TREE test
design. One reason for this is that the distributions of semiconductor-de-
vice parameters are probably not normal but rather truncated by manufactur-
ers' orocess controls and screening tests. Log-normal distributions are
generally used instrnrd, Another reason is that most of the tests envi-
sionad will be designed to determine device parameters as functions of op-
erating conditions and environments rather than in terms of a "failure
level”™ or "go-no-go" criteriaj screening tests are an obvious exception.
These points are discussed in detail in Section 2.4.
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The other elements of the test dala requirements (1 through 3 and
above) are discussed in the succeeding chapters of this document.

2.2.4 Test Procedures

Detailed test procedures must be developed as an integral part of the
test plan., Existing ASTM and Military Standards must be followed and must
be used as the basis for electronic component test procedures (References 2
through 4). The test engineer must alsu cousicder availability of person-
nel, equipment, radiation facilities, or even of test items. Ultimately,
the test engineer should apply the physical principles of TREE technology
within whatever other constraints he may have. This document contains spe-
cific recommended ''preferred" procedures, based on existing standards, for
many types of TREE tests on transistors, diodes, integrated circuits, and
capacitors as aids to the test engineer.

The test procedures section of a test plan should include:

1. Specific means for eliminating or controlling sources
of systematic errors

2. Description of each of the test tasks and how these
integrate into the whole test to produce the desired
results

3. Required measurement-equipment 1lists including cali-
brations and accuracy requirements

4. Specific, detailed procedures including circuit dia-
grams, operating ranges, environment ranges, etc,

5. Kadiation source characterization details and means of
obtaining the desired exposures

6. Specific plans for data analysis.

2.2.5 Application of the Data

The raw TREE test data will generally be in the form of oscilloscope
photographs, punched cards or tape from an automated semiconductor test
set, or tabulated sets of meter readings. A posttest analysis and data re-
duction are required to translate the raw data into useful information that
can be used as a measure of the expected performance of a system containing
the tested components when operated in a specified radiation environment.
The posttest data analysis involves three processes:

1. Interpretation of the raw data in terms of electrical
quantities and units including reading errors and

equipment accuracies

2. Interpretation of the electrical quentities in terms
of the test objectives, required parameters, device
models, predicted responses, etc., tincluding the
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experimental uncertainties arising from the procedures
and sample sizes

3. Interpretation of unexpected data points in terms of
testing errors or some uncontrolled or unknown
nhenomenon. -

-
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The appropriate posttest analysis methods should be specified in the
pretest documentation for the particular test.

2.3 ANALYSIS OF TEST DATA |

Selection and specification of the analysis procedures for a test pro-
gram is primarily an engineering responsibility. The general rule for
selecting analysis techniques for inclusion in the analysis procedures sec- ’
tion of the test program document is to select the simplest technique that
will fulfill the stated objectives and purpose of the test. Actually, the
only :estrictions placed on the selection of analytical techniques is that
they must be sufficient to:

S i e e e

|
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|

1. Satisfy the test objectives |
2. Determine the confidence associated with any conclu- }
{

sions reached

3. Estimate the test accuracy for all numevical results.

procedures produce an orderly arrangement (tabular and/or graphic) of the
test dJdata as measured and, where appropriate, in reduced form. Detailed !
procedures should be specified for data reduction.* A description of the
procedures for evaluating measurement precision and system test error and
the methods for combining these to estimate the test error and accuracies
should be included. Error bands should be included and identified (e.g.,
ranges, standard deviation, etc.) on all graphs. Accuracies should be ;
stated in all tables of numeric data. 7

j

For any type of test, the objectives will require that the analysis H
i

i

i

]

!

Tor the preferred aeasurement procedures given in this document, the 3
1 data reduction and analysis techniques are usually inherently defined by '

* Data reduction here denotes the derivation of more meaningful parameters
by combining the values of measured parameters. For example, resistivity
may be derived by combining measured voltage, current, and dimensional
values: neutron fluence expressed as neutrons per cm? (E > 1 MeV) may
be derived combining activation dosimetry values, reactor spectra infor- :
mation, and shielding data. Data reduction may also mean the computation i
of descriptive statistics, the normalization of data by taking ratios,
etc. Making value judgments or preaictions of any kind are not included
in data reduction.
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the test. Thus, if *transistor gain as a function of collector current and
neutron fluence is needed, the test procedures would resu't in raw data
that can be reduced by straightforward methods to obtain the desired gain
data. In the process of data reduction, it is important to track the
sources of uncertainty and errci, such as measurement errors in currents,
counting errors in dosimctry, etec. Then the results and probable errors
are quoted, This data reduction process is clear for the protlem of deter-
mining response of one or a few devices.

The test objective might be to determine the expected radiation re-
sponse distribution of a population of devices of which a sample population
was tested. The test design must then provide for proper sampling of the
sopulation, measures to control errors, and the analysis of the response
data of *the irradiated groups of devices. 1In this case, some statistical
interpretations will have to be made. For example, for a given neutron
fluence, the gaina as functions of collector current may be analyzed to
find, for several specific values of 1., the mean observed gain and the
observed standard deviation of the gain for the sampie. From this, assum-
ing proper randomizing of the sample and assuming fixed process controls, a
statistical irference may be made with specified confidence concerning the
parts-population mean gain and variance for this fluence at these collector
currents. This process could be repeated for other fluence values. Alter-
natively, the gain versus fluence, or damage constant data, could be ana-
lyzed for specified I, values to arrive at the same result, More complex
statistical inferences concerning multiparameter distributions could also
be determined, but they may not be worth the effort. A specialist in sta-
tistical inference should assist in their use.

An assumption normally made that may not be valid is that the parts re-
sponse distributions are gaussian. Instead, the response distributions are
log-normal. 1t may be one function of the test to determine the actual
population distribution with some degree of certainty. This may lead to
use of "non-parametric'" statistical analysis of data--again, an area for
specialists.

One desired engineering result for TREE test data is often curves of
gain, photocurrent, etc. plotted as functions of an electrical or radiation
parameter, This involves fitting a curve to the measured (and reduced)
lata. It is convenient to express the data in terms that could theoreti-
cally be plotted linearly, e.g., reciprocal gain versus fluence or peak
photocurrent versus dose rate. Then, least squares and regression analysis
can be used to determine how well the data fit, what slopes and intercepts
are given with confidence, etc. More simply, such curves can be visually
examined if the statistizal detail is not needed. When the curves are not
linear and/or the functional relations are not analytic, the purpose of the
test will usually determine what effort is worthwhile in perfoiming more
complex statistical analyses,

For '"go-no-go' tests, such as acceptance screening of parts by testing

fcr a certain parameter, the statistical dasign of the test is generally
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easier to establish. Here, the distribution of data is b.nomial and the .

techniques are well established. The part either passes or fails a ‘est, ]

depending on the radiation response, but the parts-response distribution "

itself is not the entity in view. The data are the "passes" or "fails." a
' "go" or a "no-go" for a given test item, or a fraction passing, p, and I
failing, q = 1 - p, in the populatioun. Based on the number of failures in 'y
a sample drawn from the parts lot being accepted and on the system require-
ments, determination of the probability that the population failure rate
will be within specified limits, using binomial distribution statistics, is
straightforward (References 5 and 6).

| For system assessment work, it is more likely that only a few parts can
be found for tests and the analysis technique must glean the most informa-
tion from the test, This calls for careful test design and, perhaps, the i
use of "small-sample' statistics and tolerance factors--an area for a :
specialist.

2.4 SAMPLE SIZE DETERMINATION

In TREE test design, the selection of the sample for test depends
strongly on the purpose of the test. As indicated earlier, screening tests
use the binomial distribution,

' S/N) x N-x
F P(x_<_c)=x§0<x)p &, (2-1)

where P(x < ¢) is the probability that the number of passed items, x, is
no greater than the acceptance test level number, ¢, for the test sample
size, N, and p is the actual probability of a single item's passing the i
test, with q = 1 - p, Curves and nomographs of this distribution may be
used to decide on sample size, N, and acceptance test level, c¢. The test
engineer should consult statistical texts or specialists for details of ap-
plication to his problem. The Military and ASTM Standards for TREE testing
specify a minimum sample size of 10 devices randomly selected from the par- 3
ent population (References 2 and 3), MLD-STD-19500 and MIL-STD-38510 may !
also be used for sampling plans and acceptance criteria (Refevrences 7 and i
8).

e b s e St » S0t

For parametric design data oun components and devices, the accuracy with
which the data must be known for the specific system design applications
will determine the sample sizes for tests. Also, the spreads in the data
themselves and the uniformity of parts responses will influence the sample
size, as will the actual shapes of the distributions. This implies that
there needs to be some processing control of parts manufacturing to provide d
reasonable uniformity of response and that the sample set selected for test j
must adequately represent the parts population to be used in the system
design.
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To be much more specific than the last paragraph requires a detailed
discussion of statistical methods considering confidence (or tolerance)
limits for the system design data, allocation of parts for tests dependirg
on their design margins in the system, etc. These factors are system de-
pendent and complex and general mathematical approaches shall not be pur-
sued here. However, as a rule of thumb and as a matter of common practice,
many test engineers have found between 10 and 30 sarwples adequate to define
the parameters of principal interest to system designers for neutron and
gamma ray effects on semiconductor parts (References 2 and 3). Mean damage
constants or photocurrent slopes (in the linear range) do not usually be-
come appreciagbly better known by increasing test sample size above 30 for
those parts types that have been fabricated with the same technologies and
controls.* Normally, system designers invoke onough margins so that the
mean values of radiation-affected parameters and their distributisns (vari-
ance or higher moments) need not be known to high acciiracy. In addition,
for system hardness assurance, samples for irradiation tests are often
picked from selected production lots of a particular device type. The
variatious of device response from lot to Lot and from manufacturer to man-
ufacturer are important considerations when evaluating system hardness as-
surance, Typically, a sample size between 10 and 30 is considered adequate
for radiation sampling tests of a particular production lot. In some
cases, such as the statistical evaluation of systems performance, an analy-
sis might show the need for more parts tests or the data spreads in the
test itself might indicate such a need.

2.5 TEST HARDWARE CONSIDERATIONS AND TECHNIQUES
2.5.1 Introduction

General test hardware considerations and testing techniques for elec-
tronic components are discussed in this section. In the normal case, the
test engineer must consider the following:

1. How to characterize the device to be tested. This
characterization mav be repeated one or more times af-
ter the test.

2. Selection of the proper irradiation facility to meet
tte test objectives (Chapter 4).

3. Measurement of the selected response of the device be-
ing irradiated. The proper operating mode for the de-
vice during irradiation must be selected. A choice of
pre- and post— or in-situ measurements must be made.

* For 90-percent confidence, 90 percent of & normnl population will differ
from the sample mean by no more than a tolerance factor, K, times the
sample variance, with K decreasing only by about 25 percent (from 2.0 to
1.7) as N goes {rom 10 to 30).
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4, Electrical- and radiation-induced interferences and
thermal effects during testing.

5. Selection of the dosimetry techniques to properly
characterize the radiation to which the device is ex-
posed (Chapter 5).

2.5,2 Characterizing the Test Device

Twe types of measurements should be performed on the test device before
exposure to radiation. The first are measurements of those parameters that
are expected to change due co radiation exposure, such as transistor gain.
Secondly, it is desirable to perform additional measurements that will
characterize the particular device type. Within a particular device type
number, there are sometimes large variations in individual device charac-
teristics. These variations are usually within the parameter specifica-
tion, but occasionally there are devices whose characteristics fall outside
of the specification (the maverick problem)., 1In practice, it is very use-
ful and cost effective to perform electrical measurements that can be
correlated with ..e cxpected radiation response of a device. The gain-
bandwidth product, fr, of a transistor is an example of such a measure-
ment. Therefore, the preirradiation chavacterization should include those
parameters,

There are also other basic considerations unrelated to actual parameter
measurements when planning radiation tests. One 1is that the construetion
of semiconductor devices with the same electrical specifications device
number may be substantially different if obtained from separate manufactur=-
ers or even from different production lots of one manufacturev, These dif~
ferences in production procedure may have a significant effect on the
radiation responses of the devices, The effect of processing details on
radiation response is particularly important when evaluating radiation-in-
duced surface effects. Therefore, the characterization of samples from
various production lots is advisable tu obtain results that are truly rep-
resentative of the radiation response of a particular device type. A sec-
ond considerati m 1is that data requirements may make it necessary to
exercise some control over the samples obtained from the device manufac-
turer, Samples with identical construction but with tighter initial-param-
eter spreads may be required to satisfy system specifications for the
intended application and to obtain greater internal consistency in the test
results. 1If controlled samples are used, it is important to identify them
as accurately as possible when reporting test results.

There are several ways to conduct permanent-damage tests. One of the
simplest, most convenient, and least expensive ways is to perform pre~ and
postexposure measurements on devices that are exposed to radiation in an
unbiased state per Method 1017 of Reference 2. Each set of mecasurements
establishes the device response at a single irradiation level, This proce=-
dure permits the effective use of automated testers in a laboratory envi-
ronment and it is possible to test a statistically significant unumber of
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samples. Such tests are useful as proof tests to establish adequate device
performance at a given radiation level, as long as time and bias dependence
are not important. Usually, there is a wai% for the radioactivity of the
test devices to decay to a safe level before testing.

Data may be obtained at several irradiation levels by repecling a test
as many times as desired or by exposing different groups of samples to var-
ious radiation levels. The first procedure is more time-consuming and,
since it usually involves repeated physical orientatior. in the radiation
environment, may be subject to errors. Due to differences in the radiation
response of different samples, data obtained by the second method may ex-
hibit a lack of internal consistency (i.e., there may not be a smooth pat-
tern of parameter change with increasing irradiation exposure). Also, when
extended periods without irradiation occur during a test, the sample param-
eter values sometimes change (due to annealing) so that data taken before
and after the cessation do not correlate well. Therefore, measurements
should be made at the beginning and end of such periods, 1if possible
(Method 1019 of Reference 2).

Devices may be remotely instrumented at the test facility to permit in-
situ parameter measurements., The radiation response at various exposure
levels and/or at specific time intervals during and after exposure can be
obtained in this way on a single group of devices (Method 1019 of Refer-
ence 2). Use of automated test equipment helps to eliminate the errors due
to sample repositioning and the time delays involved in laboratory measure~
ments. The requirement for test =equipment and extensive cabling at the
test facility makes in-situ testing more complicated and more expensive
than pre~ and postexposure testing, especially if a significant number of
samples are tested.

Normally, more than one parameter will be measured in a test. The se-
quence of parameter and operating-point measurements should be carefully
considered since this affects the duration of the measurement period and
the device temperature. ..utomatic testers are useful if a large number of
samples are to be tested. The test engineer should consult References 2

and 4 for measurement configurations.

Transient effect data measurements must be performed during and imme-
diately after the radiation pulse (Reference 3). The response of a device
under test depends upon the radiation pulse width., For pulses much shorter
than the device electrical response time, the magnitude c¢f the response
usually depends upon total dose and its duration is a function of the de-
vice recovery time. For rulses long compared to the device response time,
the instsntaneous response tends to follow the dose rate. The test circuit
can affect the observed response time by intenticnal or inadvertent capaci-
tive loading of the terminals of semiconductor devices which have high
impedance circuits in series with this capacitance. 1In establishing a
transient effects test program, it is necessary to understand the role
played by the intrinsic device response time, such as inherent conductivity
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relaxation, and the vesponse times influenced by external parameters.
Therefore, the electrical loading of the device under test must always be
accurately recorded. 1

¥ 2.5.2.1 Transistors and Diodes

The basic methods of making parametric measurements on transistors and
: diodes are the steady-state method and the pulsed method. The most common
and simplest technique is to apply steady-state sources (either dc or ac)
to the test circuit and observe the desired response while varying omne or
more of the sources in discrete steps. Unfortunately, as power dissipation
increases, the junction temperatures increase, altering many of the param-
eters of the device. If the ultimate application of a particular device is
in the pulsed mode, the data taken at the higher levels using the steady-
state technique will yield inapplicable results. The pulsed method of pa-
rameter measurement minimizes changes in junction temperature and may also
be used to simulate actual operating conditions for a particular circuit
design. Applied pulses must have sufficient duration to ensure that re-
sponses have reached the electrical steady state (not thermal). The pulse
repetition rate (duty cycle) should be kept low to minimize device heating.

I

i

For matched-pair devices, it is desirable to determine the changes in .
differential device parameters. The most satisfactory technique is to make !
a differential measurement. Although such techniques are not detailed i
here, the test engineer can readily modify suggested measurement circuitry :
to provide for differential measurements (Reference 4).

Lo

‘ An example of a simple and relatively fast method of »>btaining many pa-
rameters at many operating points is by using a curve tracer to sweep out a
family of device characteristics and display them on an oscilloscope. Both
steady-state and pulse measurements can be made using this method. The
displayed characteristics shouid be photographed to provide a permanent
record for pre- and posttest comparisons. This method typically yields
data with an uncertainty of at least 5 percent so it is not recommended for
critical design-data purposes. It should be used only when device parame-
ter changes of more than 15 percent of preirradiation values are expected.

© e el s e

The choice of a particular measurement method must involve considera-
tion of the ultimate circuit application of the device (if known), accuracy
requirements, cost limitations, the number of measurements to be made, and
methods of data reduction., If the application of a particular device is
not unique, it is wise to employ several of the above-mentioned techniques
to acquire several kinds of data. Regardless of the particular methods ;
chosen, conditions should be as identical as possible for pre- and posttest |
measurements. If a large number of measurements are planned, consideration :
should be given to automating the measurements and the data-reduction pro- :
cedure. Although such methods are not described here, the suggested mea-
surement circuitry can be modified to allow for automated measurement
schemes and machine-oriented data reduction.
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Sometimes the leads of a sample are shortened after pretest measure-
ments to facilitate subsequent test purposes. The shorter leads may affect
the relation between pre- and posttest measurements in two ways. First, at
high currents, the voltage drops in the leads may be significantly differ- i
ent in the two cases; this can be measured and a correction made. Second,
changing the lead length may change the case-to-ambient thermal resistance;
this can readily change the case temperature by 20°C or more and cannot
be easily compensated. Therefore, every effort should be made to keep the
lead lengths constant and the device should be well heat-sinked for
measurements.

Unwanted oscillations during an electrical measurement can render the
measurement invalid, The following are suggested ways to eliminate oscil-
lations of test circuits:

1. Use shielded or coaxial cable to minimize coupling be-
tween the transistor elements

TN TS ey e e

L 2. Locate an appreciable part of the collector-circuit
: resistance as close to the transistor as possible

[
i
} 3. Place ferrite beads on the leads of the transistor |

4, Bypass with a capacitor the collector to the emitter .
and/or the bas2 to the emitter '

5. Provide degenerative feedback through a pulse
transformer.

e Uk

2.5.2.2 Integrated Circuits

{ The radiation response of integrated circuits can be quite complex.
Many medium-scale integrated (MSI) and large-scale integrated (LSI) devices i
have a large number of possible states or complex feedback loops. As a re- '
sult, the output is not a direct function of the input; that is, a change
of state on an input signal lead does not result in a corresponding output
change. This makes detailed evaiuation of the interaction between the var-
ious elements on a given chip impractical, if not impossible.

PR 2

The choice of a potential measurement method for integrated circuits §
must involve consideration of the ultimate application (Reference 2). 1If !
the application of a particular device is not unique, it is wise to employ
several techniques to acquire the kinds of data that are needed. Regard- ;
less of the particular methods chosen, conditions should be as identical as ?
possible for pre- and postirradiation measurements. If a large number of
measurements are planned, consideration should be given to automating the
measurements and the data-reduction procedure. Although such methods are
not described here, the suggested measurement circuitry can be modified to
allow for automated measurement schemes and machine-~oriented data
reduction,
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; A very critical step in the process of testing integrated circuits is
‘ determining what constitutes a significant response and failure of a de-
vice. The specific system requirements must be used as one of the criteria 1
to define component failure. The failure criteria for the components of a i
given system must be carefully determined by considering all electrical pa-
rameters of a device in its system upplication, These failure criteria are
usually much lower than would normally be expected bzcause of the circuit
tolerances which are used tc establish worst-case failure criteria. Logic
circuits are usually not the limiting factor in displacement etfects radia-
tion hardness of a system.

Since logic circuits are relatively hard, use of one worst-case failure
criterion for all the logic circuits is coaservative and cost effective. ‘
This eliminates the unecessity of developing failure criteria for each logic ]
circuit application.

Linear circuits, however, are almost always softer than logic circuits,
and it is often both advantageous aund necessary to examine each application |

* in detail to determine failure criteria. The necessity of each specifica-
tion Jimit must be carefuily considered because if the required specifica- ,
tion is too strict, a heavy cost may result when circuits that are hard to ¥
the required level are selected.

2.5.3 Measuring the Response to Radiation :

Radiation response measurements should be made in accordance with the ]
procedures specified in References 2, 3, and 4. These procedures define '
the requirements for testing sealed semiconductor devices for specific
types of exposure. These include:

i
1. Test setup and site requirements ;

The radiation source requirements

Bias fixtures and requirements

Sample selection criteria

Electrical parameter measurements

Dosimetry requirements

.

Safety requirements

Documentation :

[ =T N = AT ¥, Y . SO B S
.

Data requirements.

Specification of the operating mode of the test device is one of the
first decisions to be made when developing a test plan., The bias condi-
tions must be set and properly controlled during irradiation and wherever
the test devices are connected to the test fixture. Neutron exposure nests
are often conducted with the device leads open or shorted during irradia- |
tion. Measurements are then made on a pre- and posttest basis (Method 1017
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of Reference 2). Total dose exposure tests require the devices to be bi-
ased during irradiation and throughout the postirradiation measurements for
the observation of surface effects, In-situ measurements are often used
(Method 1019 of Reference 2). Transient effects measurements also require
the devices to be biased in an operating region of interest, These mea-
surements must bn taken rapidly, so only one bias point can be checked per
exposure, Exposures can be repeated at differeant bias points with no
change in inherent device characteristics (Method F448 of Reference 3).

The irradiation levels at which data are taken depend upon the end pur-
pose of the data. For data analysis and presentation purposes, it is de-
sirable to obtain data at approx1mately e 1ogarithmic intervals of
radiation exposure, such as 2 x 10 x), 5 x lO and 10\%*

Adequate dosimetry is essential for all radiation testing. Reactor ir-
radiation should 1include both neutron and gamma dose measurements. At
pulsed reactors, the n/y ratio can be measured for a particular test con-
figuration., At steady-state reactors, provision should be made for a
low-power gamma dosimetry run, The value obtained can be scaled to the ex~
perimental power level. This run can sometimes be performed several days
in advance of the actual test. If an attenuating shield is to be intro-
duced during the cest, spectral measurements should be made with and with-
out the shield {Methods E720, E721, E722 of Reference 3). For experiments
performed at gamma radiation sources, the gamma dose rate can be monitoured
and the total dose determined from the total irradiation time, or an inte-
grating dosimeter can be used to measure the total dose (Methods F526,
E665, E666, and E668 of Reference 3).

The selection of the number of dose rates at which to make measurements
will depend on the data requirements, the particular device types, and the
intended application. 1In the absence of detailed application iaformation,
measurements should be made at each decade of dose rate, 7Y, over a dose
rate range from 3 x 105 to 3 x 1010 rads (Si)/s. This extends from
a low range where the response is usually linear to a higher value where
the device is saturated in many circuit applications. Justification for
measurements over such a wide range of dose rates is that some devices do
not conform to a linear dependence of Ipp on Y, and such & series of
measurements will reveal the range of rates over which these nonlinearities

exist,

When repetitive pulsing is employed or when high dose rates and/or long
pulse widths are involved, it is easy to build up large doses in the sam-
ple. Above 104 rads (8i), some devices may incur significant permanent
damage. Such damage is evidenced as an increase in junction leakage. When
this threshold is exceeded, the sample dose should be reported and a clear
identification made of the data that were obtained above the threshold.
Justification should be given for using such data.

2-14

LE e A S A e gy

i i n - e TN~

S 27 ot i ek S B

ettt

L VP I T

Mshrmrm et st e e




TN TR T T RS T T TR T S - T e e

.

To some extent, the photocurrent response of a device is dependent upon
the energy spectrum of the ionizing-radiation source, especially for spec-
tral components with energies less than 0.5 MeV. Therefore, an effort
should be made to control and/or measure the spectrum as well as the dose
rate. This is particularly important if it is suspected that the incident
spectrum at the sample location has changed (e.g., due to the interposition
of shields),

Most transistors and diodes are in the class of 'thin samples" and
their responses are independeant of orientation in a homogeneous, high-
energy radiation beam., High-power devices, however, may have thick-walled
cases or mounting studs that, in some orientations, act to shield the ac-
tive device volume (semicorductor chip) from the radiation. 1f such orien-
tations cannot be avoided, the orientation used should be recorded and an
effort made to determine the actual dose received by the active volume.
Dose enhancement effects due to the differences in materials must be ac-
counted for in the dose measurements.

Semiconductor device characteristics are dependent on junction tempera-
ture; hence, the ambient tempevature of the test must be controlled. Ref-
erences 2, 3, and 4 specify room temperature testing for most cases. If
other temperatures are required, these must be carefully specified and con-
trolled to keep the devices within their maximum ratings.

2.5.4 Interference Suppression

Conducting transient radiation effects tests presents some severe prob-
lems. These tests usually require transmitiing small signals over long
cables in the vicinity of a powerful pulsed radiation source, Careless
handling of the signals can result in the loss of data or questionable
data. Therefore, it is mandatory to maintain tho signal-to-noise ratio as
high as possible.

2.5.4.1 Interference Coupling Modes

Interference can be injected into a test setup in a number of ways.
The pulsed radiation source is a large noise . ‘erator. It has an associ-
ated electromagnetic fleld that can propagate ..rough shielding into the
measuring circuitry. The radiation source can also introduce noise on the
60-Hz power line that couples the noise into the test equipment.

Use of multiple ground points can result in ground loops or common-mode
return paths that permit noise from the pulsed radiation source, or any
other source, to enter the measurit system. Capacitive coupling can act
as a high-frequency ground connectiot.

In the case of a pulsed source of ionizing radiation, such as a linear
accelerator (LINAC) or flash X-ray, another source of noise is the charge
transferred between the source and the test box and test circuitry. An il-
lustration of charge transfer in Figure 2.5-1 shows that the charge is not
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Test box/ /—Test circuit

Exposure room Instrument
room
—=——=—== Primary electron flow
———»—— Secondary electron flow
Z=== = Ionized air

Figure 2.5-1, Charge transfer paths.

only transferred from the main beam source but also between the sample and
its surrounding environment. The charge transfer is maximized in the elec-
tron-beam mode but is also significant in the bremsstrahlung mode due to
the production of energetic electrons by Compton and photoelectric interac-—
tions. Values of the currents generated by this charge transfer range be-
tween 10-13 and 16-12 amp—sec/cmz—rad. Use of a scatter plate with
an intense beam may iuncrease this current.

Another example of charge transfer occurs in coaxial cables. The ef-
fects are shown for various cable types in Table 2.5-1. The actual re-
sponses are also dependent on the cable's irradiation and voltage history.

Air ionization caused by the radiation sources can also introduce spu-
ricus and misleading signals. Typical air-ionization leakages due to short
pulses yield a conductivity of ~10~14 ¢ (mhos/cm), where Y is the
ionization dose rate in rads/s. This can be minimized by making the mea-
surements in a vacuum or by encapsulating the test sample in an insulator.
However, secondary electrons produced in the potting material can also in-
troduce erroneous signals. When a test is being conducted in a vacuum
chamber or cassette, the effects of the secondary electrons produced by the
bremsstrahlung radiation entering and leaving the test box can be mini-
mized, but not eliminated, by using thin low-Z window material. 1If this

proves insufficient, a magnet can be used to sweep the electrons away from
the test sample.
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Table 2.5-1. Cable effects_in an ionization environment for 30-MeV
electrons (1010 rad/sec) (Reference 9).

wr— ey

Replacement Current Induced Conductance

-14 amps-sec 1=17 mho-sec
Cable Type 10 cm-ra 10 cm-rad
RG-58 Solid +3 1
RG-59 Solid -2.4 1.2 (prompt)

-2.5 (delayed to 1 ms)
RG-62 Foamed +8 25
RG-62 Semisolid -2.4 50
Notes:
1. Replacement current flows in center conductor (shield is at
ground.

. Conductivity of dielectric is also affected.
3. Above numbers are per cm of cable exposed to ionizing radiation.

———

An. : source of potential noise interference is the pulsed magnetic
field p. ced by the electron current associated with a photon beam. The
field i. ‘~nerally solencidal about the direction of the photon beam and
can be e - imated from the krnown equilibrium between photon and electron
currents. The effect of this field can be eliminated by proper shielding

and avoidance of loops in cabling configurations.

Figure 2.5-2 depicts some of the ways described above in which noise
can be int uced into a system.

2.5.4.2 Noise Minimizing

Techniques used to minimize noise in electronic systems are fairly well
understood, ~lthough often disregarded. As few ground points as possible
should be wused, preferably only one., High-frequency signals should be
handled in a coaxial configuration with continuous shielding and, where
possible, differential measurement techniques should be used. 1f a high-
frequency differential measurement is to be made, coaxial cables for each
side should be used. The two cables should be the same length and tied to-
gether so that any noise picked up in the cables will be of the same phase
and magnitude and cancel each other in the differential mode. At lower
frequencies, twinaxial cables or shielded~twisted pairs provide better cow-
mon-mode signal rejection, In extreme electromagnetic fields, the test de-
vices should be enclosed in a cassette, with the interconnecting cables
between the exposure and instrumentation rooms enclosed in a continuous
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Figure 2-5.2. Typical noise sources.

L shield such as "zip" tubing, again grounded at only omne point. Triaxial ;j
cable can also be used. Grounding of the shielding and the low side of the
measuring circuit should be located as close to each other as possible to P
prevent ground loops. Where it is necessary to provide 60-Hz power to some ‘
portion of the test cetup, the low side of the 60-Hz power should not be

connected to or used as the signal return line. An improved test setup is ;
shown in Figure 2.5-3. {

In general, when selecting a ground point, it is not advisable to use
the pulsed radiation source for this purpose since it is probably the larg-
est source of noise in the vicinity of the test. However, in the case
where charge transferred from the radiation source to the test setup is a
noise problem, a ground or connection between the two may become necessary
to avoid persistent noise oscillations. LINACs or flash X-ray machines J
used in the electron beam mode must have a ground return. This connection
must have a very low inductance; otherwise, there will be a significant
voltage buildup during the pulse which can then be coupled to the measuring
circuit,

An example of a setup in whicli separate shield rooms enclose the itarget
and recording equipment is shown in Figure 2,5-4. The charge transfer to !
the cassette is transferred back to the wall of the target shield room via I
the outer shield o6f a triaxial cable, a zipper tube, or at best a solid
shield pipe. The test specimen is floated inside the cassette (but inevi-
tably couples to it capacitively) and is connected via coaxial cable to the
recording station, at which the circuit common is connected to a master :
earth, This system can also be used with balanced cable pairs and line ?
drivers, 1
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Figure 2.5-3. Improved test setup.

Radiation source i

PR

Test unit Shield rooms
tOne ground

Figure 2.5-4., Typical use of shield rooms.

Sometimes it is necessary to connect a number of pieces of equipment
together, e.g., bias supplies, checkout equipment, and recording devices.
Generally, these items will be capacitively coupled to their environment, :
even though they may be deliberately isolated from earth. Multiple-capaci- ;
] tive ground loops could occur, An effective approach is to lay out the ?
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instrumentation system along a ground path, taking care not to introduce
loops between the plane, the equipment, and the cables. Low-inductance
coupling of the units in the plane (e.g., bolting racks together) is impor-
tant, In this case, the cabling system to the test unit is looked at as an
extension tu the ground plane. Allowing cables to take two different
routes from the recording station to the test unit would be a violation of
the ground plane principle.

1f noise is being injected into the system through the 60-Hz line, a
well-designed filter or an isolation transformer may be sufficient to sup-
press the noise. 1In cases where these solutions fail, a motor-generator
set with a low-capacitance insulated mechanical coupling should be used,

Cables used to periodically monitor conditions of the test in the expo-
sure room, but not part of the active measuring circuitry, .should be dis-
connected pricr to taking data, These cables act as additional antennas
and pump noise into the system, When required, they can be connected via
relays or switches. Cables used to operate remotely controlled relays, mo-
tors, etc. should be carefully filtered at the point where they penetrate
the test enclosure,

2.5.4.3 Circuit Considerations

Transmitting high-frequency signals over long coaxial cable runs be-
tween the exposure room and the instrumentation room requires that the ca-
bles be properly terminated in their characteristic impedances., In many
cases, there is a mismatch between the test equipment and ‘the cable.
Therefore, some impedance-matching methor must be employed, such as a line
driver or, if the signal is large enough, a simple voltage divider network
may suffice, Care must be taken in the design of impedance-matching de-
vices to ensure that they faithfully reproduce the desired signal and that
they are not susceptible to the radiation environment, contributing errone-
ous signals to the measuring circuits (References 2, 3, and 4).

In measuring currents, the choice of series resistance 1is important.
For the highest frequencies, current probes can be used. They have low in-
sertion impedance and operate into terminated 50- cables, but they have
rather low sensitivity (~1 V/amp) and do not operate well at lower frequen-
cies, If higher sensitivity is required, a series resistor is useful, but
at a cost in insertion impedance and frequency response. For example, with
a very low-capacitance preamplifier (~20 pF), the rise time across a 1k
resistor is 20 ns. If the 1-ki? resistor is connected with 3 feet of co-
axial cable to the preamplifier, the rise time would be almost 100 ns.

Coaxial cables must be used with care in a radiation environment since
they are also susceptible to the radiation and can produce large unwanted
noise signals., Where it is necessary to use coaxial cable in the exposure
area, it should be kept to a minimum length, with coils or loops of cable
avoided, 1In some cases, where noise is repeatable from one radiation
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pulse to the next, methods of subtracting out the noise can be used. How-

ever, with coaxial cables, many types exhibit a radiation response thdt is ’
dependent on the voltage and radiation history of the cable. Solid dielec-
tric coaxial cables with a low capacitance per foot are preferable,

The most effective way of eliminating spurious currents due to the ca-

. bles is by careful collimation of the beam and by proper shielding to pre- :
i vent them from being irradiated. By thesc techniques, it is wusually 1
possible to reduce cable currents to negligible values in LINAC aund flash i

X-ray tests.

[
Component cabling at a pulsed-reactor facility must extend up to the ,i
machine so that a portion of the cable is always irradiated. The signal
produced in the cable during the reactor pulse may have little or no repro-
ducibility for subsequent pulses. Polarity of the cable response appears
to be influnced by the type of cable and the magnitude of the applied vol-
tage, and may not have the same polarity as the applied signal. Tests
should be conducted to determine the extent of the cable effects in the .

system.

Another source that can affect the quality of the data is the response
time of the measuring equipment. If the response time of the test cir-
cuitry is approximately the same as the radiation pulse width or the relax-
ation time of the irradiated test specimen, the resulting signal is not a
true representation of what the signal would have been if the measuring
circuit had not been connected, As a rule of thumb, the measuring system g
} should have a response time at least a factor of 10 faster than the relax- !

ation time of the test sample, if the signal must be reproduced with less
than l-percent distortion. Another alternative is to integrate the signal.
For this type of measurement, the integrating circe it should have a time
constant at least a factor of three longer than the sample relaxation time.
Longer integrating time constants will improve data quality.

e .
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CHAPTER 3
DOCUMENTATION REQUIREMENTS

3.1 INTRODUCTION

The inherent, unstated objective uf any report should be to make clear
to the reader the value and accuracy of the information contained in it.
The entire effort of a properly conducted test program can be nullified if
time and space are not taken to report the test results in a manner that
can be critically evaluated--by indicating the way in which the test pro-
gram was planned and performed, how the data were analyzed, and establish-
ing a basis for the conclusions reached.

This chapter covers the general information normally required in a ra-
diation-effects test report. No attempt is made to detail all the specific
information that may be required; certainly a good deal of judgment in this
regard is required of the report writer as he assesses his particular test
circumstances. However, some of the following sections do point out many
minimum specific details that normaily should Ye reported.

It is assumed that the person preparing the report is familiar with
technical writing and the typical structure of a technical report. The
sponsoring agency will often have a standard report format that must be
followed. Minimum data recording requirements and formats are oftcn speci-
fied by the applicable ASTM or Military Standard (References 2 through 4,
7, and 8). 1In all cases, the report should contain clear statements of the
test purposes and objectives, a description of what was done and how it was
done, and & concise but complete presentation of the test results and

conclusions.

3.2 PLANS AND PROCEDURES

The objectives of the test and the planned method of obtaining these
objectives should be briefly, but completely, described. Items to be in-
cluded are:

1. A brief statement, with references if necessary, of
any theory pertinent to the test design, including any
assumptions made and their justification

2. A description of the test technique and apparatus, in-
cluding circuits wutilized in making measurements,
special equipment fabricated for the test, and the ac-
curacy and date of ‘calibration of all test equipment
(photographs and diagrams are helpful in this respect)
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3. Any precautions taken to assure the accuracy and pre-
cision of measurements, including precautions to ex-
clude or limit extraneous variables

4, A description and justification of any deviations from
the test plan, the causes thereof, and remedial mea-
sures taken

5. A description, with an example if necessary, of how
the raw data were converted to the form used for
analysis,

As discussed in Sections 2.1 through 2.3, a properly documented pretest
plan or test design will include most of the elements of the final report.

3.3 TEST SAMPLES

All basic types of samples should be described. A good technique to
follow is to preparz a distinct report section that, for the various types
of samples, presents the manufacturer, type or specification number, lot
number, origin (factory, distributor, etc.), the number of samples in each
category, aud method of selection and validation., If useful siructural in-
formation (such as transistor emitter areas) is available, report it to fa-
cilitate data comparisons and to increase the general utility of the data.
The importance of this information cannot be overemphasized. 1Include as an
appendix any specification by which parts were selected or have a reference
to where such data are available. 1In addition, any pertinent information
about the history of the sample before irradiation, such as previous expo-
sure to radiation, must be noted. Chapters 6, 7, and 8 include suggested
standardized formats for reporting data on the samples.

3.4 SAMPLE CONDITIONS DURING MEASUREMENTS
OR IRRADIATION

The operational state of the samples and the environmental conditions
to which the samples were exposed from the time the samples entered the
program until the last measurement was made should be defined in the re-~
port. Specifically, this includes such 1items as electrical operating
point; temperature during irradiation, annealing, and measurement; mounting
configuration and sample orientation with respect to the incident radia-
tionj; dosimeter positions; a description of any potting used; etc. Photo-
graphs of equipment setups, mounting fixtures, etc. are recommended.

3.5 RADIATION ENVIRONMENT DESCRIPTION

Dccumentatiou of TREE dosimetry should be clear enough so that others
can repeat the measurements, perform the same analysis, and apply the envi-
ronmental description to another effect with possibly a different energy
dependence to make response predictions. This implies that the reporting
should specify what was actually measured, how the dosimetry values
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reported were obtained from the measured dosimetry data, and also au: as-
sumptioas made in data processing. Section 5.7 treats documentation of the
environment in more detail,

3.6 TEST RESULTS
3.6.1 General Requirements

The test results are the most important part of a report. They are the
reason the test was performed. It is essential that they be reported as
clearly and explicitly as possible. To make the report more comprehensi-
ble, the results are usually presented in a condensed tabular or graphical
form in the main part of the report. In addition, all of the basic (raw)
data should be documented either as an appendix to the main report or in a
separate report. Suggested formats for recording test data are given in
Chapters 6, 7, and 8. Use of these formats will assist test personnel in
remembering to take all the necessary information and will put the data in
a standardized form more readily usable by others. Charts, curves, and
graphs are very helpful and desirable, but they should only supplement, not
replace, basic data tabulations.

In planning a test, a theoretical model is usually selected to predict
the effect to be expected. The reduced form of the data should then be
chosen on the basis of the theoretical model to reflect the expected depen-~
dence upon the relevant parameters. For example, first-order theory says
that 1/hpg of a transistor should increase linearly with fluence, inde-
pendent of the initial value of hpg for a given base width., Therefore, for
a given transistor, one should plot reduced data of 1/hpg versus fluence.

A measurement set 1is defined as the data taken on a group of samples of
the same type in a given combination of test conditions, such as electrical
operating point, temperature, and radiation conditions. It is essential
that, when the data for a measurement set are presented, all qualifying
test conditions be given specifically, 1If a reported quantity was not mea-
sured directly, the method of analysis or evaluation should be given,

3.6.2 Tabhles and Figures

Each individual sponsoring agency may have a standard format for scien-
tific and technical reporting as well as for tables and figures. A few are
listed in References 10 through 12, The following suggestions are intended
as a supplement to standard formats to aid in making more effective
presentations.

Each figure should be as simple and boid as possible and yet be mean-
ingful without reference to the test. The abscissa and ordinate labels and
the figure's title should clearly and concisely describe the figure in ter-
minology consistent with that used in the text. Generally, curves are used
to show trends or to compare sets of data; hence, complete cross hatching
of the figure with grid lines is unnecessary. If tick marks are used to
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indicate subdivisions, the meaninyg of the tick marks (value of the subdivi-~
sions) should be clear. The tick mav e should go all the way around the

margin of the figure.

Do not overcomplicate the figure by trying to make one figure do the
job of two or more. If a figure is meant to represent a collection of
data, show enough data points tn adequately represent the degree to which
If error bars are used, state in the figure

the given curve fits the data.
All independent

what they represent, i.e., standard deviation, range, etc.
variables for the data being described should be given with each figure or
table, Whenever possible, orient figures and tables in the text in such a
manner that the text does not have to be rotated to examine the figures.

3.7 ANALYSIS

A statement should be given as to the constancy of any control samples
used, The estimated uncertainty in all important results should be quoted.
In specifying errors, the value of one standard deviation is the quantity
preferred, although other methods may be used if they are more suitable and
are unambiguous., When statistical characterizations are given, a reference

that explains the technique involved should be cited.

In summary, a good test report is one that describes all the essential
features that must be known to duplicate the test. A majority of this in-
formation should be available from a good design, as described in Section

2.2,
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CHAPTER 4
RADIATION FACILITIES

4.1 SCOPE

This chapter presents a brief survey of the radiation sources used in
TREE testing and gives some general guidelines for source selection. Sev-
eral classes of radiation sources are omitted from consideration because
they fall outside the scope of the preferred procedures of Chapters 6, 7,
and 8, The guidelines given here are general and should be used in con-
junction with the needs outlined in those chapters.

Only general characteristics are described for the radiation sources
that are mentioned, Information on the specific characteristics of a par-
ticular machine and its associated facilities is best obtained firsthand
from the operator of the radiation facility being considered or from DNA
24324, TREE Simulation Facilities (Reference 13). The value of the latter
document cannot be overemphasized. Time spent in examining the data given
in it will greatly enhance the novice's understanding of the capabilities
of the different classes of rsdiation sources most frequently used in TREE

testing.

Recommendations for choosing certain machines from a given class of ra-
diation sources are not made. The final choice